d, e. It is seen from Fig. 2 (c) that there exist higher DOSs at and just below the E F , which are almost totally contributed by the CNW, identified by comparing Fig. 2 (d) with 2(e). More importantly, they are completely spin polarized, making the model I composite a ferromagnetic (FM) metal with a total magnetic moment of 2.44 µ B in its one unit cell, which is mainly contributed by the CNW atoms. In order to get its real ground state, we then made the same LSDA calculation on a doubled unit cell, and found the antiferromagnetic (AFM) state is higher in energy than the FM one by 73.8 meV per Model I unit cell, meaning the FM state is its ground state.
We also made the same LSDA calculations on other CNW@(5,5) with different CNW periods, e.g., 1/2, 1 and 4/3 times that of the pure (5,5) tube, respectively, and found that only if the CNW density is not too higher, can the weak coupling between the CNW and (5, 5) tube induce the flat-bands at the E F , producing thus magnetic moments. For example, in the case of 1/2, the flat-band will disappear, and so no ferromagnetism in its corresponding composite of CNW@ (5, 5) . But, all of others have the flat-bands and the magnetic moments.
It is well known that the Coulomb correlations will affect the electronic states of weakly bonded carbon atom (here, e.g., the CNW atoms), hence the magnetic property of the system. Therefore, we have also made the LSDA+U calculation on the model I CNW@ (5, 5) by using the projector augmented wave (PAW) potentials in the VASP code [21, 22] . In our calculations, the on-site Coulomb repulsion U = 3.0 eV, and the exchange J = 0.9 eV have been taken only for the CNW atoms. It is found that the FM state with a magnetic moment of 2.42 µ B per Model I unit cell is lower in energy than the AFM one by 53.5 meV per Model I unit cell, meaning the FM state is always the ground state of the system.
The ferromagnetism found in the CNW@SWNTs reveals realization of the flat-band ferromagnetism in the all-carbon composites with only s and p orbitals. Analyses of the orbital density distributions in the flat-band states show that they are composed mainly of the p orbitals of CNW atoms and less of the π orbitals of tube-wall atoms. And they are localized around the CNW atoms, but at the same time, extended along the tube direction through the weak coupling between the CNW atoms and the SWNT, which is clearly demonstrated by the small dispersion of the flat-band shown in Fig. 2(b) . Therefore, if the spins are parallel, the repulsive interaction energy between the flat-band electrons would be reduced on average, compared with the case of anti-parallel spins, because of the Pauli exclusion, favoring obviously more FM state than AFM one, which has also been proved by the LSDA+U calculation mentioned above. In order to clarify more certainly the mechanism for the ferromagnetism due to weak coupling between the tube and the wire, a same LSDA+U calculation on the isolated CNW in Model I (in Fig. 1(a) ) has been made, demonstrating the FM state is higher in energy than the AFM one by 111 meV per CNW atom, meaning the AFM state is the ground state of the isolated CNW, in which the on-site Coulomb repulsion of U = 3.0 eV, and the exchange J = 0.9 eV have been used.
What is effect of varous outer SWNTs with different diameters or chiral symmetries on the magnetism of the composites? We select two different CNW@SWNTs, such as CNW@(9,0) and CNW@(8,0), with fixed CNW periods, which are the same as those of (9, 0) and (8, 0) tubes, respectively. By the same LSDA calculations we found that both of them have magnetism with the magnetic moment of 2.41 µ B and 2.24 µ B per composite unit cell, respectively, demonstrating no significant effects from a little bit larger or smaller SWNT diameter and different chiral angles of the outer tubes. So, the CNW@SWNTs composites may find wide-scale technological applications.
Due to the well known Peierls instability, we found by the first-principles LDA calculation that the dimerized phase of the model I is lower in energy than the undimerized one by 81.6 meV per model I unit cell, whose final optimization structure is shown in Fig. 1 too, called as model II. In addition, we study also the possible effect of the defect in real materials by introducing carbon vacancy on the tube wall in model II, and its optimized structure is called as model III in Fig. 1 . For comparison, we list in Table I all related LSDA results for the three models in Fig. 1 , from which, it is obvious that the FM behavior appears in all the three composites. The model III has the largest magnetic moment, which not only mainly comes from CNW atoms, but also is partly contributed by the carbon atoms on the tube wall around the vacancy. In addition, the charges in model III are transferred not only from tube to the dimerized CNW, but also from some atoms to the others on the same tube wall. The transferred charges between the tube-wall atoms are mostly localized around the vacancy atom, leading to appearance of the magnetic moment of -0.04∼0.9 µ B per carbon atom on the tube wall, which is absent at all in model I or II. Finally, we show the spin densities [n ↑ (r) − n ↓ (r)] (the up spin is the majority) of three models in Fig. 3 , from which it is clearly seen that in model I, the spin density higher than 0.0068 electrons/Å 3 exists only at the CNW atoms, and in model II, it extends into the space between two nearer CNW atoms. In model III, however, the same magnitude spin density can also be found at the tube atoms nearby the vacancy. So, both the CNW dimerization and the vacancy defect on the tube wall can enhance the ferromagnetism of the composite.
In summary, we have studied several all-carbon CNW@SWNTs by the first-principles LSDA and LSDA+U calculations, and identified realization of the flat-band ferromagnetism in the composites if the 1D CNW period is larger enough, which is caused by the weak coupling between the 1D CNW and the outer tube. In addition, it is found that the CNW dimerization and carbon vacancy on the tube wall enhance the ferromagnetism of the composite. Our results indicate that the CNW inside carbon nanotube is a promising new candidate for the all-carbon nanometer-ferromagnets. 
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